The main objective of this study was to retrospectively evaluate the clinical and radiological outcomes of acute (AMF) and chronic Monteggia fractures (CMF) in children treated by closed or open reduction and external fixation (EF).
Introduction
Giovanni Battista Monteggia (1762 to 1815) first described the association between ulnar fracture and radial head dislocation. 1 The Monteggia fracture is a relatively rare injury accounting for approximately 1% of all paediatric upper extremity fractures. 2 Acute Monteggia fracture (AMF) should be treated once detected. 3 If the fracture goes undetected and/or is not promptly treated, it may lead to ulnar malunion and persistent radial head dislocation with subsequent loss of function, pain, degenerative arthritis and, in some cases, late neuropathy. 4, 5 Moreover, if surgical treatment is performed at this late stage, outcome is generally poorer compared with acute lesions treated promptly. 6 The main goals of treatment of both AMF and chronic Monteggia fracture (CMF) are to achieve stable reduction of radial head dislocation and to restore elbow movement. [5] [6] [7] In order to achieve such goals, several surgical techniques are available depending on the timing of surgery. In particular, reduction and ulnar fixation by casting, elastic stable intramedullary nailing or screw and plate are the treatment of choice for acute lesions. 5, 8, 9 On the other hand, closed or open reduction and ulnar osteotomy with or without annular ligament reconstruction are often required for CMF. [10] [11] [12] [13] There are a few reports describing the management of AMF and CMF in children by closed or open reduction and lengthening and/or angulation of the ulna with an external fixator (EF). [14] [15] [16] [17] [18] [19] Moreover, no published studies on the surgical management of AMF and CMF in children have evaluated or compared the functional outcomes of treatment by EF using a uniform evaluation scale such as the short version of the Disabilities of the Arm, Shoulder and Hand outcome questionnaire (Quick DASH). 20 The Quick DASH questionnaire has been successfully used to evaluate functional outcomes after surgical treatment of various upper extremity fractures in children, and it allows for homogeneous evaluation and comparison of varied paediatric patient populations. [21] [22] [23] [24] [25] The main objective of this study was to retrospectively evaluate the clinical and radiological outcomes of AMF and CMF in children treated by closed or open reduction and EF. The secondary aim was to evaluate upper extremity function with the Quick DASH.
Materials and methods
The institutional review board approved this study.
Between November 2013 and November 2017, 63 children with AMF or CMF were treated at Guangzhou Women and Children's Medical Center.
All patients were admitted through the emergency department (AMF) or through the outpatient clinic (CMF) with the following demographic and clinical data captured: sex, age at the time of trauma, mechanism of accident, the involved side, presence or absence of associated neurovascular injury and whether it was closed or open. In addition, information such as time between trauma and surgery; and length of postoperative follow-up was collected from the medical records.
The inclusion criteria were as follows: 1) confirmed diagnosis of AMF (the time period between trauma and surgery is less than two weeks) or CMF (the time period between trauma and surgery more than three weeks); 6,26 2) chronological age below 15 years; 3) surgical treatment by closed or open reduction and EF of the ulna; 4) follow-up more than six months; 5) complete radiological data.
A total of 37 patients were excluded, including 21 patients with AMF treated by closed reduction and cast fixation (ten cases) or elastic stable intramedullary nailing (11 cases), one patient with CMF treated by elastic stable intramedullary nailing and 15 cases with a follow-up less than six months.
The included patients were divided into two groups according to treatment modality. In particular, patients with AMF were treated by closed reduction and EF of the ulna (Group A; 15 patients) while those with CMF were managed by closed or open reduction and EF of the ulna (Group B; 11 patients).
Surgical technique
All patients underwent surgery at our institution by the same experienced paediatric orthopedic surgical team. Two advanced paediatric orthopaedic doctors (Hong wen Xu and Qinghe Zhou) in our department performed the operations.
AMF
All patients with AMF were treated by closed reduction and EF of the ulna. Patients were given general anaesthesia and were placed in the decubitus position. According to the angulation of the ulnar fracture and the size of the fragment, four to five pins were introduced under fluoroscopy perpendicularly to the ulnar axis in the proximal (two or three pins) and distal fragment (two pins) of the fracture; pins were directed towards the opposite cortex. After reduction of the ulnar fracture and radial head dislocation, a mini-EF (Orthofix, Verona, Italy) was adjusted to the pins and fixed; fluoroscopic imaging confirmed proper radial head reduction in all projections. No other hardware was used to maintain the reduction of the radial head.
Postoperatively, all patients were encouraged to start elbow movement the day following surgery. Dressings were changed regularly. EF was removed three months after the index procedure.
Closed or open reduction and ulnar osteotomy
For patients with CMF, ulnar osteotomy was performed prior to reduction through a posterior approach. The proximal ulnar was exposed and a transverse cut made. Five to six pins were introduced under fluoroscopy perpendicularly to the ulnar axis in the proximal (two to three pins) and distal fragment (three pins) of the fracture; pins were directed towards the opposite cortex. Then closed reduction was attempted under the lengthening and angulating of the EF (Orthofix, Verona, Italy). If closed reduction could be achieved, the EF was adjusted until stable reduction of the radial head was achieved and fluoroscopic imaging confirmed proper radial head reduction in all projections. Otherwise, open reduction was performed. Open reduction was performed through the modified Kocher approach. 13 Firstly we exposed the radial head and tried to find the annular ligament; if possible the ligament was repaired and was pulled over the radial neck. However, if this was not possible, the remnants of the annular ligament and surrounding fibrous tissues were removed prior to radial head reduction. Once successful open reduction was achieved, the EF was lengthened and angulated to maintain the achieved reduction of the radial head and confirmed by fluoroscopic imaging.
At 24 to 48 hours after surgery, prior to discharge, fulllength anteroposterior (AP) and lateral radiographs of the affected forearm (elbow joint included) were taken to detect possible radial head dislocation. If the radial head was found to be dislocated, the EF was lengthened until reduction of the radial head was judged as satisfactory in all projections. 27 Postoperatively, all patients were encouraged to start movement immediately. Hardware was removed three to six months after the index surgery.
Radiological evaluation
The injured forearms and elbows were imaged with fulllength AP and lateral radiographs to evaluate the location of the ulnar fractures and direction of dislocation of the radial heads. 28 In addition, radiological examination was performed at each follow-up visit. The following parameters were measured on AP radiographs: 1) carrying angle (CA); 29 2) the angle between the axis of the proximal and distal fragments of the fractured ulna on both AP (AUPA) and lateral view (AUPL), preoperatively, postoperatively and at last follow-up visit; 3) the angle between the line passing at the level of the coronoid and the posterior apex of the olecranon and the axis of ulna on lateral radiographs (OAUL) was also measured ( Fig. 1 ). CA was used to assess if the patient had cubitus varus; AUPA, AUPL and OAUL were used to evaluate the ulnar angulation deformity in AP and lateral view.
Functional evaluation
At the last follow-up visit, the patients were asked to complete Quick DASH at the outpatient clinic or by telephone. Quick DASH is a self-reported questionnaire consisting of 11 items corresponding to various activities of daily living and symptoms experienced by the patient. The patient rates each item according to the perceived degree of severity ranging from 1 (no discomfort or symptoms) to 5 (major discomfort or severe symptoms). The final score is calculated according to the algorithm [(sum of responses N / N) -1] × 25, where N is the number of responses. The Quick DASH score ranges from 0 (least disability) to 100 points (most disability) and allows evaluation of the overall performance of the upper limb. [20] [21] [22] [23] [24] 
Follow-up
All patients underwent regular clinical and radiological follow-up for at least six months after their index surgery (mean 32.1, range 7 to 65). At each follow-up visit, fulllength AP and lateral radiographs of the affected forearm (elbow joint included) were taken to assess fracture con- solidation and to detect complications such as radial head dislocation, secondary displacement, re-fracture, hardware migration, nonunion or malunion.
Complete fracture healing was defined as full return to activities of daily living and sports.
Statistical analysis
Categorical parameters were expressed as frequencies and percentages. Quantitative data were expressed as the means, ranges and sd. Statistical analysis was performed using Fisher's exact test for categorical variables and the unpaired t-test for quantitative parameters. The threshold for statistical significance was set at p < 0.05.
Results
A total of 26 children (20 males, six females) met the inclusion criteria. The right side was involved in 13 cases (50%) and the left side in 13 cases (50%). According to Bado's classification, 25 15 cases (57.7%) were type I, one case was type II (3.8%) and ten cases were type III (38.5%). Table  1 shows patient demographics; Group A and Group B did not significantly differ in terms of demographics (p > 0.05) (Table 1 ). In patients with CMF, the mean time between injury and surgery was 8.5 months (sd 8.1). The mean time in patients treated by open reduction (11.8 months; sd 10.4) was significantly longer than the patients treated by closed reduction (5.7 months; sd 5.1) ( Table 2) .
Group A: AMF
In total, 15 out of 26 patients underwent closed reduction and EF of the ulna (57.7%); the mean age at the time of injury was 6.8 years (2 to 13). According to Bado's classification, 3 seven cases (46.7%) were type I, one case was type II (6.6%) and seven cases were type III (46.7%). The mean follow-up was 36.6 months (7 to 65) (Table 1) ( Fig. 2 ).
Group B: CMF
In total, 11 out of 26 patients (42.3%) were treated with closed (five patients) or open reduction (six reduction), ulnar osteotomy and EF; the mean age at the time of injury was 6.5 years (2 to 12). According to Bado's classification 3 , eight cases (72.7%) were type I and three cases were type III (27.3%). The mean follow-up was 25.9 months (13 to 41) for Group B (Table 1) ( Fig. 3 ). 
Radiological outcome
Group A patients had lower CA and AUPL than Group B, 7.1° (sd 6.8°) and 17° (sd 6.1°) and 15.6° (sd 11.6°) and 25.6° (sd 7.7°), respectively (Table 3) . Group A patients had higher AUPA and OAUL than Group B, 11.8° (sd 6.5°) and 32.4° (sd 7.9°) and 6.8° (sd 8.6°) and 23.1° (sd 6.8°), respectively (Table 3) . Moreover, among patients with CMF (Group B), those treated by closed reduction and EF had similar CA (p = 0.990), AUPA (p = 0.946), AUPL (p = 0.969) and OAUL (p = 0.811) compared with those treated by open reduction and EF ( Table 2 ).
Despite the fact that CA (p = 0.028), AUPL (p = 0.004) and OAUL (p = 0.004) were significantly different between the two groups of patients, this was not clinically relevant as all patients had low Quick Dash scores (Table 4) .
Radiologically, no secondary displacement, wire migration, consolidation delays, nonunion, malunion or re-fracture were noted. However, one patient's Bado type I fracture (6.7%) developed heterotopic ossification of the ulna (Fig.  4) . One case of postoperative redislocation of the radial head was detected in Group B (9.1%); after one month lengthening, the radial head was reduced and the final functional outcome was excellent (Quick DASH score: 0) ( Fig. 5 ). ; preoperative (a, b), postoperative (c, d) and final follow-up (e, f) radiographs.
Clinical outcome and complications
Clinical outcome was similar between the two groups of patients (p = 0.738). The overall mean Quick DASH score was 1.31 (0 to 18.2). Specifically, the mean Quick DASH score was 1.37 (0 to 18.2) for Group A and 1.24 (0 to 13.6) for Group B patients (Table 4) . Moreover, among patients with CMF (Group B), those treated by closed reduction and EF had similar Quick DASH score compared with those treated by open reduction and EF (p = 1) ( Table 3 ).
The patient who developed heterotopic ossification of the ulna had satisfactory functional outcome although they had transient limitation of supination. Two patients (7.6%), one in group A (1/15; 6.7%) and one in group B (1/11; 9.1%) developed transient pin tract infection.
During the postoperative period, three patients experienced dysesthesias in the radial nerve territory (Group A: two cases; Group B: one case). All patients had recovered completely by the last follow-up visit. (Table 4 ). However, all patients returned to their previous daily and sport activities.
None of the patients showed signs of growth arrest or disturbances by both radiological and clinical assessment.
Discussion
We reviewed 26 patients with AMF and CMF treated by closed or open reduction and EF of the ulna. All ulna fractures consolidated and one case of radial head redislocation was recorded during follow-up. These positive results were confirmed functionally with low Quick Dash scores in both groups of patients. It appears that EF is not contraindicated to manage both AMF and CMF in children.
Several works have shown that elastic stable intramedullary nailing is a minimally invasive and reliable technique with a low complication rate that can be used as primary treatment option in children with AMF requiring surgical management. 5, 8, 26 On the other hand, very few studies have reported on the use of EF in the management of Monteggia fractures.
Henman used EF to manage AMF secondary to a gun-related wound. 18 In 2008, Tan et al 19 reported the outcome of AMF treated by EF. They treated six patients with AMF with green-stick fractures of the ulna. All patients were treated by closed reduction and EF and the final outcomes were rated as excellent, both clinically and radiologically. Our findings corroborate those by Tan et al 19 as the mean Quick DASH score of patients with AMF was 1.37. In our institution, we preferred to use EF for the patients with AMF who had significant angulation of the proximal ulna fracture or unreducible bowing deformity of the ulna which caused unstable reduction of the radial head.
Several authors have reported the use of EF to manage CMF. 11, 17, 30, 31 evaluated functional outcome using a uniform evaluation scale such as Quick DASH. Quick DASH has been used by several authors to evaluate functional outcome of a variety of upper extremity paediatric fractures treated surgically and conservatively. [21] [22] [23] [24] [25] In particular, Pavone et al 21 We found that functional and radiological outcome were good in both groups of patients. Regardless of the surgical technique used, if anatomical and stable reduction is obtained, good functional outcome should be expected in patients with AMF and CMF. Moreover, patients with CMF that were treated by open or closed reduction showed similar good outcomes ( Table 2) .
However, we found that patients with CMF were less satisfied with the clinical appearance of their upper extremity than AMF patients. This was probably related to the fact that in CMF patients more angulation of the proximal ulna was needed in order to reduce the radial head resulting in reduced CA on the frontal plane and increase proximal ulna bowing on the sagittal plane. However, at last follow-up visit, clinical outcome was not significantly different between the two groups of similar patients, irrespective of CA, AUPA, AUPL and OAUL values ( Table 3) .
During the analysis of our results, we identified some limitations of this study. We conducted a retrospective evaluation of surgically treated patients only; patients treated by closed reduction and cast immobilization or elastic stable intramedullary nailing of the ulna were not included as surgery with EF technique is the preferred treatment of choice at our institution. However, all patients came from a single institution and the total number of cases was similar to those in other published studies. Finally, at last follow-up, each patient was asked to complete the Quick DASH questionnaire, allowing for homogeneous evaluation and comparison of various paediatric patient populations. 20 Despite these limitations, the study demonstrated good functional and radiological outcomes in children with AMF or CMF treated by EF.
In conclusion, EF is an alternative option for the management of AMFs and CMFs. In a trained surgeon's hands it can achieve satisfactory radiological and clinical outcomes with relative low rates of complications. 
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